Microorganisms that have been identified in dental unit waterlines (DUWLs) are of concern because they can cause infections, especially in immunocompromised patients. This study aimed to assess the incidence of microbial contamination in DUWLs before and after intervention to reduce contamination, and to investigate the presence of coliforms, Escherichia coli and Pseudomonas aeruginosa. Water samples were collected aseptically from the waterlines. The high-speed handpiece and dental chair units were served by one distillation apparatus, which was fed by the potable tap water of four dental clinics. Different interventions were used: chlorination, flushing before clinics and between patients, draining at the end of the day, and freshly distilled water on a daily basis.
The biofilm is an optimum habitat for a great variety of bacteria, and it protects the bacteria from disinfectants by providing a suitable matrix of polysaccharides and glycoproteins, which holds the bacteria in place (Walker et al. ) . The attached bacteria flourish, multiply and build up more matrix material, which in turn, hold more species of bacteria, until the biofilm is visible to the naked eye and nearly obstructs the lumen of the water line (Walker & Marsh ) . At low flow rates, fluid at the center of any lumen travels fastest. Closer to the the tubing walls, its rate of flow is slowed increasingly by biofilm roughness (Herd et al. ) . Water at the tubing walls is virtually stagnant, which permits bacteria to adhere and colonize the internal surfaces (Kettering et al. ) .
Species found in the biofilm on DUWLs include coliforms
and Escherichia coli, in addition to true human pathogens, such as Moraxella spp., Flavobacterium spp., Pseudomonas aeruginosa, Legionella pneumophila, Mycobacterium spp.,
Staphylococcus spp. and Klebsiella spp. (Coleman et al. ).
To reduce DUWL contamination, water that is used for restorative procedures should be of the same quality as drinking water (Depaola et al. ) . The American Dental Association (ADA) has proposed that dental water should contain <200 CFU/ml (Walker et al. ) . The European Union has drinking water standards set at 100 CFU/ml; however, dental unit water is not considered as drinking water.
The presence of extended narrow bore tubing and long periods of stagnation means that dental water units (DWUs) can be prone to relatively high levels of microbial contamination, including the biofilm formation and the presence of opportunistic pathogens, irrespective of the source and quality of the inflowing water. The present study was concerned with establishing why microbial contamination is so prevalent in DWUs, as well as interventions that reduce DWU contamination and achieve microbial water quality levels recommended by the ADA.
METHODS

Study design
The study consisted of two phases. The first (cross-sectional) phase was carried out to investigate the clinics in the 
Interventions
Water in the main storage container, which received water from the main public water network, and was the source of water to the distillation apparatus was chlorinated using Actichlor™ disinfectant tablets (5.0 g tablets/250 ml water) to give a 1% concentration, according to the Antichlor manufacturer's instructions. Flushing of the hand-piece, the three-in-one syringe and other instruments by operating them continuously might be expected to decrease aspirated oral flora and other organisms in the distal part of the system. This was achieved by flushing water through the DUWLs for 2 min at the beginning of each day, and for 20-30 s after the treatment of each patient. All the water that was left in the water lines was drained off at the end of the day. Finally, we used freshly distilled water on a daily basis, directly from the distillation apparatus (stored distilled water was not used). Combining these strategies was necessary to control biofilm formation and to achieve the desired level of water quality. Western Hawally Health Center clinics were selected for these interventions because these clinics showed the highest level of contamination.
Water sampling
Dental chair units and hand-pieces were connected to bottled distilled water that had been in daily use. Dental unit waterlines samples were collected from two sites in four clinics: the chair scaler and the hand-piece in addition to a distillation apparatus source (as control) that feed all dental clinics in this center. The data illustrated in Table 1 show that the samples collected from hand-pieces were more contaminated than those from chair scaler water samples. The TVC were in the range 2.4-3.7 log CFU/ml in Clinic 1, 1.5-3.8 log CFU/ml in Clinic 2, 2.4-3.8 log CFU/ml in Clinic 3 and 3.4-3.5 log CFU/ml in Clinic 4. In chair scaler water samples, the lowest TVC was 2.07 log CFU/ml in Clinic 1, and the highest was 3.55 log CFU/ml in Clinic 4. P. aeruginosa isolates were detected in hand-piece water samples in Clinics 1 and 2 during October and April 2007 respectively. A paired t-test revealed a statistically significant difference between the TVC of the water samples that had been collected from high speed hand-pieces and chair water samples (p < 0.05).
Escherichia coli (0.9%) and coliforms (0.9%) were also detected in hand-piece water samples from Clinic 1. In 2008 and before intervention, microbial species of clinical significance were isolated from some waterlines, including total coliforms and E. coli that were isolated in October, and P. aeruginosa that was isolated in April and October.
All of these pathogens were detected in samples that had been collected from hand-pieces. 
DISCUSSION
This study investigated a limited number of dental units. The microbiological quality of water in units in general dental practice did not conform to accepted guidelines for potable water, which agrees with previous findings (Smith et al.
).
Dental unit waterlines and their water effluents were colonized by heterotrophic bacteria from water that was pumped from the public water supply to the waterlines.
Human pathogens are returned to the DUWLs during dental treatment processes as a result of insufficient antiretraction in dental units (Putnins et al. ) . This leads to the proliferation of microorganisms on the inner surface of the DUWLs, and biofilm formation (Whitehouse et al. ) .
The present study confirms that DUWLs are highly contaminated when dental units are in use for several months and receive no decontamination treatment. The amount of DUWL contamination differed between the hand-piece (high TVC) and chair (low TVC), which showed that some of the water samples that were taken had reached CFU/ml values above the limits of ADA Heterotrophic bacteria and oral pathogens can be responsible for severe enteric diseases such as diarrhea, Hand-piece 15 90.4 3.2 2.4-3.8
Clinic 4
Chair 10 75.6 3.1 2.6-3.5
Hand-piece 10 58.6 3.5 3.4-3.5
and immunocompromised patients are particularly at high risk (Mills ) . Waterborne pathogens were detected in the present study: P. aeruginosa (in hand-pieces), coliforms and E. coli. P. aeruginosa has been reported in other studies . One major concern is whether these bacteria are pathogenic. Therefore, dental specialists should make concerted efforts to ensure that water of potable quality emerges from the DWUs. This is due to the fact that once the bacteria succeed in entering the system, and sufficient nutrients from the plastic tubing occur, the bacteria will turnover to support biofilm growth (Colbourne et al. ) . Dental chairs and units are considered to be medical devices and must meet the appropriate requirements. This includes cleaning, disinfection or sterilization instructions. It is also clear from the present study that, regardless of the method of decontamination selected, it is important to ensure that it is stringently applied in a busy general practice setting.
CONCLUSIONS
Flushing the water line for two minutes before the first patient and for 10-20 s between patients is recommended so that the number of bacteria in the water line can be decreased. However, this reduction is only temporary because the microorganisms will multiply back in a very short time. Therefore, an alternative strategy could be a flushing of the dental unit at the end of the day and draining it overnight to reduce the development of the biofilm. It is also recommended to daily prepare freshly distilled water in addition to chlorination.
